The effects of biaxial strain produced by the lattice mismatch of constituent materials on the optical properties of strained In_xGaxAsyt'l _y/In] _xGaxAs quantum well lasers are investigated.
INTRODUCTION
When the lattice mismatch of constituent materials is greater than 0.1%, we called such semi-conductor materials are lattice-mismatched. 
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Previous heterostructure work is primarily focused on lattice-matched system due to the degradation of electronic and optical properties of devices made from lattice-mismatched material systems. Since the advance in epitaxial growth, it becomes possible to obtain a latticemismatched heterostructure without dislocation generated at interface if the thickness of constituent materials are thin enough, such high quality heterostructure called as "strained-layer structure", such as InGaAs/GaAs, InP/InGaAs... etc. Recently, these strained layer structures have wide applications in lasers [1] [2] [3] [4] , photodetector [5] and transistor [6, 7] , due to their flexibilities in the choice of mismatched materials.
Previously, the theoretical studies are focused on uniaxially stressed quantum wells [8] [9] [10] , there will be valuable to realize the electronic and optical properties of strained-layer quantum wells, but unrealistic in device applications. In this work, the effects of the biaxial strain produced by the lattice mismatched of constituent materials on the optical gain in quantum well lasers are investigated, the refractive index change also be calculated in order to understand the guiding behavior of laser light in the active region.
Since the optical gain and refractive index change are closely related to the band structure of the semiconductor, we first calculated the band structures of strained quantum wells using the multiband effective mass equation and introducing the strain by the deformation potential theory. Once the subband structures and wave functions are obtained, the gain and refractive index change can be calculated based on Fermi-Golden rule [11] with the broadening effect taken into account.
THEORY
Considering a strained-layer quantum well grown on [001] direction. Since all lasers properties are closely related to the band structure of semiconductor, first, we use multiband effective mass equation (i.e., :. method) [12, 13] R cr--UorL (7) We solve the coupled eigenvalue problems numerically given by (7) using the finite difference method. Once the subband levels and wavefunctions are known, the optical gain g(w) and refractive index change (An,./n,) derived based on Fermi-Golden rule with broadening effect taken into account are: The gain spectra of TE mode (optical electric field polarized along x direction) at 300K are shown in Figure 2 for lattice-matched ( Fig. 2(a) ), compressive ( Fig. 2(b) ) and tensile ( Fig. 2(c) Figure 3 show the TM mode (optical electric field polarized along z direction) gain under lattice-matched (Fig. 3(a) ), compression ( Fig. 3(b) ) and tension (Fig. 3(c) ). We found the TM polarization would be the dominant laser light when suffering a tensile strain.
We also calculated the refractive index change for TE and TM mode in Figures 4 and 5 respectively. Figure 6 . In Figure 6 (a), we found that the TE mode gain would decrease more rapidly with increasing temperature when there is a biaxial compressive strain, while the TM mode gain would decrease faster with increasing temperature by applying a biaxial tensile strain (Fig. 6(b) 
CONCLUSIONS
The effects of a biaxial strain on optical gain and refractive index change of a strained lnl_,GaxAsyP_y/ln_xGaxAs quantum well lasers are studied theoretically using multiband effective mass equation, deformation potential theory and Fermi-Golden rule with broadening effect taken into account. The band structures are substantially altered by the biaxial strain. In particular, the inversion of LH1 and HH1 would change the dominant polarization of laser light from TE mode to TM mode. It is found that the appropriately biaxial strain would enhance the optical gain, thus will be benefited for reducing the threshold current. However, the biaxial strain would weakened the optical confinement and strengthened the temperature dependence of optical gain, these will be harmful to reduce the threshold current. It is also interesting to note that the minimum peak gain occurred when a small tensile strain is applied. The results emerging from our studies are helpful for understanding the guideline of designing strained-layer quantum well lasers.
